###### Strengths and limitations of this study

-   This is the first study comparing drowning mortality rates according to intent-specific versus all intents combined, which can provide a more complete picture of drowning problems within a county.

-   We combined mortality data for 3 years to ensure the statistical stability of comparisons.

-   The criteria for classifying undetermined intent in each participating country were not available.

Introduction {#s1}
============

An international comparison of injury mortality rates is crucial to identify the unique features of injury problems within a given country. An international comparison of unintentional drowning mortality rates indicated that drowning rate rankings of different countries differed according to age groups; the countries with the highest drowning rates were Kyrgyzstan for ages 0--4 years, Thailand for ages 5--14 years, Guyana for ages 15--24 years, Belarus for ages 25--44 years, Lithuania for ages 45--64 years and Japan for ages 65 years or more.[@R1] However, several studies have indicated country and regional variations in the determination of intent (manner of death), such as unintentional (accidents), intentional self-harm (suicides), assault (homicides) and events of undetermined intent, which could hinder valid international comparisons of injury mortality rates.[@R2]

To improve the comparability between countries and across years within a single country, some scholars have proposed considering all intents combined versus intent-specific injury deaths to reveal a more comprehensive picture of the injury problem.[@R7] Theory and evidence supporting the all-intents-combined approach indicate that passive protection strategies through modification of products (eg, smart guns or adding unpleasant odours and colours to pesticides), environmental interventions (eg, fences on the roofs of high buildings and securing used pesticides) and lethal means restriction (eg, gun control and banning the use of lethal pesticides) are highly effective in preventing unintentional injuries and intentional injuries.[@R11] The all-intents-combined approach has been used for the early identification of emerging drug-related poisoning problems in the USA and drowning problems in Finland.[@R16] However, no study thus far has used the all-intents-combined approach to examine international variations in drowning mortality. In this study, we compared the drowning mortality rates and proportion of deaths of each intent among all drowning deaths within Organisation for Economic Co-operation and Development (OECD) countries.

Methods {#s2}
=======

Study design and setting {#s2a}
------------------------

This study was a population-based descriptive cross-sectional study of 32 OECD countries.

Data source {#s2b}
-----------

The population and drowning mortality data of 32 OECD countries were extracted from the WHO Cause of Death Query Online.[@R22] To ensure statistical stability in calculating the drowning mortality rates, we combined available data from the most recently available 3 years. Both numerator (drowning deaths) and denominator (population size) were combined for each 3-year period. The latest available year of mortality data differed across countries. For example, as of 30 April 2017, the latest 3 years of data were 2013--2015 for 5 countries and 2012--2014 for 16 countries.

Measures {#s2c}
--------

The International Classification of Diseases Tenth Revision (ICD-10) codes for drowning mortality of different intents are ICD-10 codes W65--W74 for unintentional intent (accident), ICD-10 code X71 for intentional self-harm (suicide), ICD-10 code X92 for assault (homicide) and ICD-10 code Y21 for undetermined intent.

Statistical analyses {#s2d}
--------------------

We first calculated the age-standardised mortality rates (deaths per 100 000 population) of each intent for each country using the US 2000 age structure (0--14, 25--24, 25--44, 45--64, 65--74 and greater than or equal to 75 years) as standard. We used bar charts to represent the variations and rankings in drowning mortality rates by intent across countries.

We then computed the proportion of deaths of each intent among all drowning deaths for each country grouped by region. The classification of country by region was based on the Global Burden of Disease Study.[@R23] To demonstrate the extent of variations in death certification practices, we calculated an undetermined intent versus intentional self-harm ratio and an all intents combined versus unintentional intent ratio for each country. The proportion of each intent for each country was illustrated by stacked bar charts.

Patient and public involvement {#s2e}
------------------------------

This study used secondary administrative data. As such, no patients were involved in the development of the research questions. Outcome measures were informed by patients' priorities, experience and preferences. These conditions applied to the design of this study, in the recruitment for the study and in the conduct of the study.

Results {#s3}
=======

Intent-specific mortality rates {#s3a}
-------------------------------

Countries with the highest drowning mortality rates (deaths per 100 000 population) were Estonia (3.53), Japan (3.49) and Greece (2.40) for accidental ([figure 1](#F1){ref-type="fig"}); Ireland (0.96), Belgium (0.96) and Korea (0.89) for intentional self-harm ([figure 2](#F2){ref-type="fig"}); Austria (0.57), Korea (0.56) and Hungary (0.44) for undetermined intent ([figure 3](#F3){ref-type="fig"}) and Japan (4.35), Estonia (3.70) and South Korea (2.73) for all intents combined ([figure 4](#F4){ref-type="fig"}). South Korea ranked 12th and 3rd for unintentional intent and all intents combined, respectively. By contrast, Belgium ranked 2nd and 15th for intentional self-harm and all intents combined, respectively.
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Proportion of drowning deaths by intent {#s3b}
---------------------------------------

The numbers and proportions of each intent among drowning deaths for each country by region are presented in [table 1](#T1){ref-type="table"} and [figure 5](#F5){ref-type="fig"}. The percentage of unintentional intent ranged from 26.2% in Belgium to 96.8% in Chile. The proportion of intentional self-harm ranged from 0.7% in Mexico to 57.4% in Belgium, indicating a considerably large variation. The percentage of assault was less than 1.0% in most countries, except in Mexico (4.9%) and Slovenia (1.5%). We also found a large variation in undetermined intent, from 0.0% in Israel and Turkey to 38.3% in Austria.
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###### 

The number and proportion of each intent in drowning mortality in each OECD country

  Region                       \(1\) All-intents- combined   \(2\) Unintentional   \(3\) Intentional self-harm   \(4\) Assault   \(5\) Undetermined intent   (5)/(3)   (1)/(2)                               
  ---------------------------- ----------------------------- --------------------- ----------------------------- --------------- --------------------------- --------- --------- ----- ------ ------ ------- ------
  High-income North America                                                                                                                                                                                  
  Canada, 2010--2012           1241                          100.0                 840                           67.7            301                         24.3      9         0.7   91     7.3    0.30    1.48
  USA, 2012--2014              12 348                        100.0                 10 340                        83.7            1200                        9.7       109       0.9   699    5.7    0.58    1.19
  Australasia                                                                                                                                                                                                
  Australia, 2012--2014        793                           100.0                 591                           74.5            156                         19.7      5         0.6   41     5.2    0.26    1.34
  New Zealand, 2010--2012      211                           100.0                 175                           82.9            29                          13.7      2         0.9   5      2.4    0.17    1.21
  High-income Asia Pacific                                                                                                                                                                                   
  Japan, 2012--2014            27 383                        100.0                 22 940                        83.8            2166                        7.9       10        0.0   2267   8.3    1.05    1.19
  South Korea, 2011--2013      4337                          100.0                 1980                          45.7            1441                        33.2      14        0.3   902    20.8   0.63    2.19
  Western Europe                                                                                                                                                                                             
  Austria, 2012--2014          446                           100.0                 129                           28.9            146                         32.7      0         0.0   171    38.3   1.17    3.46
  Belgium, 2012--2014          687                           100.0                 180                           26.2            394                         57.4      7         1.0   106    15.4   0.27    3.82
  Denmark, 2012--2014          205                           100.0                 97                            47.3            94                          45.9      1         0.5   13     6.3    0.14    2.11
  Finland, 2012--2014          510                           100.0                 332                           65.1            117                         22.9      3         0.6   58     11.4   0.50    1.54
  France, 2011--2013           4147                          100.0                 2818                          68.0            1277                        30.8      11        0.3   41     1.0    0.03    1.47
  Germany, 2012--2014          2295                          100.0                 1271                          55.4            752                         32.8      6         0.3   266    11.6   0.35    1.81
  Greece, 2014                 363                           100.0                 349                           96.1            10                          2.8       0         0.0   4      1.1    0.40    1.04
  Ireland, 2011--2013          348                           100.0                 159                           45.7            133                         38.2      1         0.3   55     15.8   0.41    2.19
  Israel, 2012--2014           155                           100.0                 148                           95.5            7                           4.5       0         0.0   0      0.0    0.00    1.05
  Italy, 2010--2012            1668                          100.0                 1124                          67.4            534                         32.0      8         0.5   2      0.1    0.00    1.48
  Netherlands, 2013--2015      585                           100.0                 244                           41.7            327                         55.9      2         0.3   12     2.1    0.04    2.40
  Norway, 2012--2014           265                           100.0                 171                           64.5            89                          33.6      0         0.0   5      1.9    0.06    1.55
  Portugal, 2011--2013         472                           100.0                 190                           40.3            191                         40.5      1         0.2   90     19.1   0.47    2.48
  Spain, 2012--2014            1730                          100.0                 1294                          74.8            385                         22.3      4         0.2   47     2.7    0.12    1.34
  Sweden, 2013--2015           594                           100.0                 287                           48.3            207                         34.8      1         0.2   99     16.7   0.48    2.07
  Switzerland, 2011--2013      337                           100.0                 154                           45.7            157                         46.6      0         0.0   26     7.7    0.17    2.19
  UK, 2011--2013               1529                          100.0                 714                           46.7            398                         26.0      2         0.1   415    27.1   1.04    2.14
  Eastern Europe                                                                                                                                                                                             
  Estonia, 2012--2014          161                           100.0                 153                           95.0            5                           3.1       0         0.0   3      1.9    0.60    1.05
  Central Europe                                                                                                                                                                                             
  Czech Republic, 2013--2015   627                           100.0                 484                           77.2            63                          10.0      2         0.3   78     12.4   1.24    1.30
  Hungary, 2013--2015          651                           100.0                 372                           57.1            127                         19.5      3         0.5   149    22.9   1.17    1.75
  Poland, 2012--2014           3005                          100.0                 2502                          83.3            59                          2.0       0         0.0   444    14.8   7.53    1.20
  Slovakia, 2012--2014         434                           100.0                 389                           89.6            16                          3.7       0         0.0   29     6.7    1.81    1.12
  Slovenia, 2013--2015         136                           100.0                 61                            44.9            59                          43.4      2         1.5   14     10.3   0.24    2.23
  Latin America                                                                                                                                                                                              
  Chile, 2012--2014            1022                          100.0                 989                           96.8            28                          2.7       5         0.5   0      0.0    0.00    1.03
  Mexico, 2012--2014           6970                          100.0                 5990                          85.9            48                          0.7       339       4.9   593    8.5    12.35   1.16
  Middle East                                                                                                                                                                                                
  Turkey, 2011--2013           1061                          100.0                 1018                          95.9            41                          3.9       2         0.2   0      0.0    0.00    1.04

Data source: WHO Cause of Death Query Online (<http://apps.who.int/healthinfo/statistics/mortality/causeofdeath_query/>).

OECD, Organisation for Economic Co-operation and Development.

Of the 32 OECD countries included in the study, 10 had undetermined intent proportions lower than 3% and 8 had proportions greater than 15%. The undetermined intent versus intentional self-harm ratio (an indicator of under-reported suicide) was highest in Mexico (12.35, 593/48) and Poland (7.53, 444/59). Four out of five Central European countries had undetermined intent versus intentional self-harm ratios larger than 1, suggesting relatively a high proportion of reported undetermined intent in Central European countries. By contrast, the all intents combined versus unintentional intent ratio was highest in Belgium (3.82, 687/180) and Austria (3.46, 446/129). Of 11 countries with all intents combined versus unintentional intent ratios larger than 2, 8 were Western European countries.

Discussion {#s4}
==========

The findings of this study indicate different rankings of drowning mortality rates by intent, which might have been caused by large variations in the proportions of reported undetermined intent and intentional self-harm among all drowning deaths across countries. This study suggests variability in the drowning-related death certification practices associated with specific regions. For example, countries in Central Europe had higher proportions of reporting undetermined intent and countries in Western Europe had higher proportions of reporting intentional self-harm.

According to a previous study involving the certification practices of eight European countries, a legal inquiry is compulsory for every injury death in each participating country, and the inquiry is most commonly executed by legal authorities. However, differences in the classification practices (eg, the efficiency of communication between the medical and legal authorities involved in suicide registration, percentage of injury deaths where forensic autopsies are performed, level of medical training of the coders and availability of inquiry results and forensic autopsy results to the final cause-of-death decision-maker) in different countries result in variations in the proportion of deaths classified as undetermined intent. In that study, the undetermined intent versus suicide ratio was highest in Portugal during 2000--2004 (0.78) and lowest in Austria during 2003--2007 (0.07).[@R2]

In this study, we found eight countries (Japan, Austria, UK, Czech Republic, Hungary, Poland, Slovakia and Mexico) with an undetermined intent versus suicide ratio greater than 1. Four out of five countries in Central Europe had undetermined intent versus suicide ratios greater than 1, which indicated similar certification practices among medical examiners and coroners in this region. We also found that 8 out of the 11 countries with high all intents combined versus unintentional intent ratios were in Western Europe. One possible explanation for this was the high proportion in intentional self-harm drowning deaths in this region.

Regarding the determination of intent (manner of death) in drowning deaths, 'unintentional intent' could be the assigned intent when witnesses were present during the drowning incident (eg, children swimming or young people surfing in recreational water environments). By contrast, the intent 'intentional self-harm' could be assigned if witnesses were present when someone intentionally and voluntarily jumped off a bridge into a river. However, determining the intent of drowning for a body found in water is difficult. According to a study conducted by Lunetta *et al*, of 1707 bodies that were found in water and were autopsied at the Department of Forensic Medicine, University of Helsinki, from 1976 to 2000, 276 cases (16.2%) were assigned undetermined intent. Of 757 cases initially thought to be accidents by police investigators, pathologists involved with the autopsies agreed in 79.4% of the cases, whereas for suicide, homicide and undetermined intent, the pathologists agreed in only 76.9%, 39.5% and 18.7% of the cases, respectively.[@R24]

Because determining the intent of injury is difficult and because accumulated evidence suggests that environmental interventions could prevent unintentional injuries and intentional injuries, counting injury deaths by using the all-intents-combined approach to identify all injury deaths with the same mechanism is recommended.[@R7] For example, in the USA, poisoning (n=31 116) was the second leading injury mechanism followed by motor vehicular accidents (n=37 985) in 2008 when the count was restricted to only unintentional intent. However, when the all-intents-combined approach was used, poisoning (n=41 080) became the first leading injury mechanism and superseded motor vehicular accidents (n=37 985) in 2008.[@R20] According to the findings of this study ([table 1](#T1){ref-type="table"}), 12 348 drowning deaths were identified using the all-intents-combined approach, which suggests that the use of this approach could identify 20% more drowning deaths (n=2108) than did the use of only the unintentional intent approach (n=10 240).

Strengths and limitations of this study {#s4a}
---------------------------------------

The strength of this study is that it is the first to compare both intent-specific and all-intents-combined drowning mortality across countries. However, several limitations should be considered while interpreting the findings of this study. First, we did not include water transport accidents (ICD-10 codes V90--V94) in this study because of the small number of deaths resulting from these accidents in most countries. Second, unlike reports of unintentional drowning (ICD-10 codes W65--W74), which provide detailed information on the body of water (ie, bathtub, swimming pool or natural water body) and the mechanism of drowning (ie, while in water vs following fall into water), reports of intentional self-harm (ICD-10 code X71), assault (ICD-10 code X92) and undetermined intent (ICD-10 code Y21) provide no such information. Therefore, we could not further analyse the bodies of water and mechanisms of drowning involved in intentional drowning. Third, we could not determine whether the considerably large variations in intentional self-harm drowning mortality rates across countries were caused by actual differences in suicide rates or by differences in classifying undetermined intent.

Conclusion {#s5}
==========

The rankings of a country with regard to drowning mortality rates differ depending on whether the all-intents-combined approach or the intent-specific approach is used. The findings of this study indicate a large variation in the practice of classifying the undetermined intent of drowning deaths across countries; this variation hinders valid international comparisons of intent-specific (unintentional and intentional self-harm) drowning mortality rates.
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